INTRODUCTION
The genus Hypericum L. (Family Hypericaceae) consists of over 460 species, which occur in all temperate parts of the world (Robson NKB 2003; Hosni K et al. 2008) . Seventeen species of them are found in Iran, three of which are endemic: Hypericum fursei N. Robson, Hypericum dogonbadanicum Assad, and Hypericum asperulum Jaub.f Spach (Rechinger, 1980; Mozaffarian, 1996) . Among them most commercially important member of this genus, Hypericum perforatum L., St. John's wort, demonstrated antidepressant, antimicrobial, antiseptic, antihelmintic antiviral, and anticancer activities (Mills et al., 2000; Barnes, 2001; Fnimh, 2001) . H. perforatum also demonstrated anti dermatophyte activity (Larypooret al., 2009) . This genus contains different natural product classes, including naphthodianthrones, prenylated phloroglucinols, xanthones, flavonoids, biflavonoids, tannins, proanthocyanidins, and phenolic acids (Javidnia et al., 2008) . H. perforatum L., Hypericum hyssopifolium Vill., Hypericum helianthemoides (Spach) Boiss. and Hypericum scabrum L. are four Hypericum species from Khorasan provinces, Iran, whose essential oils from flowers, leaves, stems and roots have been subjected to analysis in this study. Many studies of the essential oil content of Hypericum have been performed. Essential oils and volatile constituents that have been most frequently reported from Hypericum include the aliphatic hydrocarbons n-nonane and n-undecane; the monoterpenes α-and β-pinene; and the sesquiterpenes β-caryophyllene and caryophyllene oxide (Crockett, 2010) .
An examination of H. perforatum plants growing in 10 defined habitat types in Lithuania allowed the identification of three distinct chemotypes, dominated respectively by β-caryophyllene, caryophyllene oxide and germacrene D (Mockute et al., 2003 (Mockute et al., , 2007 . A similar study performed in southeastern Poland identified significant differences among both the content and composition of essential oils from plants growing in 16 habitats, although two major constituents (2-methyloctane and α-terpineol) were produced by representatives of most populations (Crockett, 2010 ). An examination of 11 accessions of H. perforatum leaves and flowers growing in a single population in Lithuania indicated that β-caryophyllene and caryophyllene oxide dominated in leaves, while spathulenol, tetradecanol and viridiflorol were dominant constituents of the flowers (Radusiene et al., 2005) . In June 2008 we studied H. perforatum plants growing in northeastern of Iran (northwestern of Neyshabur) revealed α-and β-pinene and α-and β-selinene as the primary volatile constituents of the leaves and flowers, while germacrene D was predominant in the oil extracted from the stems and roots (Motavalizadehkakhky et al., 2008) . The aerial parts of wild H. perforatum were collected during the flowering period, especially in different regions of Western Europe (France, Italy, Portugal, Spain, Greek, Serbia), but also in Turkey, Uzbekistan, Lithuania as well as in China and India (Bertoli et al., 2011) .
H. perforatum collected from Serbia (Saraglou et al., 2007) contains an important quantity of α-pinene (8.6%), while the same species from the Rujan mountains did not contain α-pinene (Gudzic et al., 2001) . α-and β-pinene are major components in the oil of H. perforatum from Greece (Petrakis et al., 2005) .
The amount of mono-and sesquiterpenes, seem reduced in H. perforatum from Turkey (Demirci et al. , 2005; Cirak et al., 2010) . The main components in the oil of H. prforatum from Italy were 2-methyl octane (21.1%), germacrene-D (17.6%) and α -pinene (15.8%) (Pintore et al., 2005) . Samples of French H. scabrum plants were rich in sesquiterpenes (Mathis et al., 1964) , while the oil of the same species collected in Turkey consisted of 13 monoterpene hydrocarbon (85%) and α-pinene was the major component (72%).
The predominance (45.3%) of α-pinene was also confirmed in dried flowering aerial parts of H. scabrum collected from Iran (Morteza-Semnani et al., 2005) . Hyperican content in flower and leaves of eight Hypericum (helianthemoides, hyssopifolium, scabrum, perforatum,...) species from Iran determined by HPLC (Jaymand et al., 2008) . Chemical composition of leaves and flowers and fruits of H. perforatum from Kashan in Iran were determined by gas chromatography-mass spectrometry (Akhbari et al., 2009) . Analysis of oil resulted in identification of 55 compounds (91.4%), for leaves, which α-pinene (29.33%) was the main components.
The analysis for flower and fruit part resulted in the identification of 26 compounds (95.96 %), which α-Amorphene (15.86%), α-pinene (11.34%), Thymol (7.27%) and α-Campholene aldehyde (6.63%) were the main components. Chemical composition of aerial parts of H. perforatum and H. scabrum from Tajikistan were analyzed by GC-MS. Sixty-six compound were identified in the oil of H. prforatum with Germacrene D (13.7%), α-pinene (5.1%), (E)-Caryophyllene (4.7%), n-dodecanol (4.5%), Caryophyllene oxide (4.2%), Bicyclogermacrene (3.8%), Spathulenol (3.4%) as the main constituents. Twenty-six compounds were identified in the oil of H.
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scabrum L. with α-pinene (44.8%), Spathulenol (7.1%), Verbenol (6.0%), trans-Verbenol (3.9%), and γ-Muurolene (3.5%) as the abundant compounds (Sharopov et al., 2010) . Many recent example of antibacterial or antifungal activity of essential oils can be found in the Hypericum genus, not only for H. prforatum. In fact, several Hypericum species native to different region have been investigated on several types of bacteria and fungi (Warnke et al., 2009; Buchbauer et al., 2010 Buchbauer et al., , 2004 Pauli et al., 2010) .
Essential oil from H. maculatum Crantz. in Serbia showed a large spectrum and a strong activity as antimicrobial agent especially against Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, Salmonella enteritidis, Klebsiella pneumoniae, Bacillus subtilis, Sarcina lutea (Gudzic et al., 2002) .
The antimicrobial activities of α-and β-pinene, as well as β-caryophyllene, have been well-documented and, as these compounds represent dominant components in the essential oils of many Hypericum species, such effects are not unexpected. Further investigations with essential oils, volatile fractions and infused oils from Hypericum species would be of interest due to the ex vivo antiinflammatory activity and in vivo gastroprotective effects that have been demonstrated with H. perforatum infused oils (Zdunic et al., 2009; Lavagna et al., 2001) .
The essential oil of fresh aerial parts of Hypericum richeri Vill. subsq. grisebachii obtained by hydrodistilation was analyzed by GC and GC-MS. One hundred and five constituents identified and tested against a panel of microbial strains by broth microdilution assay and it was found to was also moderate effect against all tested microorganisms (Dordevic et al., 2011) .
The essential oils of H. scabrum, H. scabroides and H. triquetrifolium were studied for the first time for their antimicrobial activity against nine organisms. All the essential oils exhibited some broad spectrum antibacterial activity, at a concentration of 80 µg/ml. The essential oils of Hypericum species showed antibacterial activity against the tested organisms and a yeast (Kizil et al., 2004) . The composition of the hydrodistilled oils obtained from aerial parts of H. hyssopifolium subsp. and H. heterophyllum Vent. were analyzed by means of GC and GC-MS, and 66 compounds were determined in total. The oils of H. hyssopifolium, is rich in monoterpenes consists α-pinene (57.3%), β-pinene (9.0%), limonene (6.2%) and α-phellandrene (4.4%). The oils were tested for antifungal activity using microbial growth inhibition assays in vitro against 10 agricultural pathogenic fungi. In general, the oils showed moderate activity against several fungal species (Cakir et al., 2004 Chemical composition of the nine Hypericum entities with respect to the taxonomical classification was discussed. Essential oils obtained from six taxa, were also tested for their antimicrobial properties against five different microbial strains by the broth-microdilution method, and they were found to have significant activity (expressed as MIC) (Maggi et al., 2010) . The volatile constituents, obtained from air-dried aerial parts of fruiting Hypericum elongatum were analyzed by GC/MS method. Thirty four components of about 96.50% of total oil were identified. α-Pinene (80.43%), γ-Terpinene (4.23%) and β-Pinene (2.59%) were the principal components (87.16%). The essential oil and hydroalcoholic extract were evaluated for antibacterial, antifungal and anti-yeast activities by using disc diffusion method (Ghasemi et al., 2007) .
MATERIALS AND METHODS

Plant material
Four Hypericum were collected from Khorasan-Razavi and Khorasan-Shomali Provinces, Iran, in June 2010. H. perforatum L., H. hyssopifolium Vill., H. helianthemoides (Spach) Boiss. and H. scabrum L. were collected from Kharve in Este of Neyshabur [in last study we investigated H. perforatum L. from northeastern of Neyshabur (Motavalizadehkakhky et al., 2008) ]; Bojnord; Mashhad (Akhlamad) and Chenaran, respectively. The plants were air dried and dried samples were crushed, then essential oils were obtained by hydrodistillation of their flowers, leaves, stems and roots, separately. Voucher specimens of the plant have been deposited in the herbarium.
Isolation of the Essential oils
90 to 220 g out of any parts (flowers, leaves, stems and roots) of plants were subjected to hydrodistilation for 2.5 to 3.5 h using an original Clevenger-type apparatus and yielded from 0.04 to 0.1% (w/w) of essential oils. After decanting, the obtained essential oils were dried over anhydrous magnesium sulfate and, after filtration, stored in refrigerator at -4°C until tested and analy zed ( Table 1) .
Analysis of the essential oils
Gas chromatography
Samples of the oils were diluted in acetone (1:9) and 1 µl was used for analysis. GC-MS analyses of the essential oil was analyzed on an Agilent Technologies 7890A GC system coupled to a 5975C VLMSD mass spectrometer with an injector 7683B series device. An Agilent (9091)-413:325°C HP-5 column (30 m x 320 x 0.25 µm) was used with helium as carrier gas at a flow rate of 3.35 ml/min. The GC oven temperature was initially programmed at 50°C (hold for 1 min) and finally at 300°C (hold for 5 min) at a ra te of 80°C/min while the trial temperature was 37.25°C.
The column heater was set at 250°C in a split less mode while the pressure was 10.2 psi with an average velocity of 66.5 cm/s and a hold-up time of 0.75 min. Mass spectrometry was run in the electron impact mode (EI) at 70eV. The percentage compositions were obtained from electronic integration measurements using flame ionization detector (FID), set at 250°C.
Gas chromatography-mass spectrometry
The essential oils were analyzed by GC-MS on an Agilent Technologies 7890A GC system coupled to a 5975C VLMSD mass spectrometer with an injector 7683B series device. An Agilent (9091) 413:325°C HP-5 column (30 m x 320 x 0.25 µm) was used with helium as carrier gas at a flow rate of 3.35 ml/min. GC oven temperature and conditions were as described previously. The injector temperature was at 250°C. Mass spectra were rec orded at 70 eV. Mass range was from m/z 30 to 500.
Identification of components
Identification of the oil components was based on their retention indices determined by reference to a homologous series of nalkenes, and by comparison of their mass spectral fragmentation patterns with those reported in the literature (Adams, 2007) , and stored on the MS library (NIST 08.L database/ chemstation data system) with data previously reported in literature (McLafferty and Stauffer, 1989; Joulain and König, 1998) .
The percentages of each component are reported as raw percentages base on total ion current without standardization. The chemical compositions of any parts of four Hypericum are summarized in Tables 2 and 3 . Tr : trace(< 0.05%).
Antimicrobial assay of the Oils
In vitro antibacterial assay of the oils carried out according to disc agar diffusion method (Jirovets, 1999; Kumar, 2004) . Antibacterial activity of the oils were tested against gram positive bacterial strains such as Bacillus cereus (MTCC430), B. subtilis (MTCC441), S. aureus subsp. Aureus (MTCC2940); and Gram-negative bacterial strains such as K. pneumonia (MTCC109), E. coli (MTCC443), Proteus vulgaris (MTCC426) and Salmonella typhi (MTCC733), were grown in nutrient broth for 24 h (pH 7.2 to 7.4) and were used as inoculums. The Mueller-Hinton agar medium were poured into the plates to uniform depth of mm and allowed to solidify. Then the microbial suspensions were streaked over the surface of media using a sterile cotton swab to ensure the confluent growth of the organism. Aliquots of 10 µl of the oil at 1:2 dilutions in dimethyl sulfoxide (DMSO) were impregnated on Whatman No. 1 filter paper discs of 6 mm diameter. These discs were aseptically applied to the surface of the agar plates at well-spaced intervals. The plates were incubated at 37°C for 24 h and observed inhibition z ones including the diameter of the discs were measured. Control discs impregnated with 10 µl of the solvent DMSO and streptomycin (10 µl /disc), reference for bacteria were used alongside the test discs in each experiment. The results are presented in Table 3 .
RESULTS AND DISCUSSION
Chemical composition of the essential oils
H. perforatum L.
The compounds identified in flowers, leaves, stems and roots of H. perforatum L. essential oils are listed in Table  2 .
(a) Flowers: Forty seven constituents accounted for 97.2% of the total flowers oil. α-Pinene (27.5%), β-Pinene (12.7%), β-Caryophyllene (4.1%), (E)-β-Farnesene (5.1%), β-Selinene (7.1%), and α-Selinene (8.0%) were major components. Monoterpenes, oxygenated monoterpenes, sesquiterpenes and oxygenated sesquiterpenes were 43.1, 11.1, 35.8 and 5.4%, respectively. (b) Leaves: Forty three constituents accounted for 92.1% of the total leaves oil. α-Pinene (16.5%), Sabinene (5.5%), β-Pinene (2.1%), β-Caryophyllene (4.5%), β-Selinene (20.2%), Germacrene D (3.5%), Heneicosane (6.0%) and α-Selinene (11.4%) were major components. Monoterpenes, oxygenated monoterpenes, sesquiterpenes and oxygenated sesquiterpenes were 25.4, 5.6, 48.1 and 2.6%, respectively. (c) Stems: Thirty compounds identified in stems oil (88.1%). Terpinolene (7.2%), β-Caryophyllene (8.5%), Germacrene D (35.0%), Myristicin (7.2%) (E)-β-Farnesene (3.5%), and δ-Cadinene (7.3%) were main components. Monoterpenes (9.6%) decreased, but sesquiterpenes (60.9%) increased while oxygenated mono-and sesquiterpenes decreased (2.5 and 4.5%, respectively). (d) Roots: Thirty four constituents representing 86.0% of Tr : trace(< 0.05%).
essential oils were identified in the essential oils of H. perforatum L. roots .12.7, 0.3, 64.7 and 4.0 were percentages of mono-, oxygenated mono-, sesqui and oxygenated sesquiterpenes, respectively.
H. hyssopifolium
The compounds identified in flowers, leaves, stems and roots of H. hyssopifolium essential oils are listed in Table  2 .
(a) Flowers: Forty two constituents accounted for 97.7% of the total flowers oil. α-Pinene (17.3%), β-Pinene (4.6%), β-Caryophyllene (5.5%), (E)-β-Farnesene (5.5%), γ-Muurolene (5.2%), Germacrene D (10.2%), Spathulenol (11.5%), δ-Cadinene (4.5%) and γ-Cadinene (4.5%) were major components. Monoterpenes, oxygenated monoterpenes, sesquiterpenes and oxygenated sesquiterpenes were 28.9, 2.4, 43.1 and 17.3%, respectively. (b) Leaves: Forty eight constituents accounted for 95.5% of the total leaves oil. α-Pinene (13.6%), β-Pinene (5.0%), β-Caryophyllene (3.1%), β-Selinene (4.3%), (E)-β-Farnesene (6.3%), Germacrene D (8.1%), Spathulenol (7.3%) , β-Eudesmol (4.0%) and α-Selinene (7.1%) were major components. Monoterpenes, oxygenated monoterpenes, sesquiterpenes and oxygenated sesquiterpenes were 23.8, 7.7, 44.3 and 16 .6%, respectively. α-Pinene (12.5%), β-Pinene (7.0%), Thymol (5.0%), β-Caryophyllene (5.5%), Germacrene D (4.2%) , β-Eudesmol (4.5%) and Spathulenol (4.6%) were main components.
H. helianthemoides
The compounds identified in flowers, leaves, stems and roots of H. helianthemoides essential oils are listed in Table 3 .
(a) Flowers: Fifty constituents accounted for 90.2% of the total flowers oil. α-Pinene (13.5%), β-Caryophyllene (19.0%), (Z)-β-Ocimene (6.7%), Germacrene D (2.5%) and Spathulenol (8.0%) were major components. Monoterpenes, oxygenated monoterpenes, sesquiterpenes and oxygenated sesquiterpenes were 26.1, 7.2, 32.0 and 22.2%, respectively. (b) Leaves: Forty nine constituents accounted for 93.3% of the total leaves oil. α-Pinene (12.0%),(Z)-β-Ocimene (3.7%), β-Copaene (7.2%), β-Caryophyllene (10.2%), Spathulenol (6.5%) and Germacrene D (4.2%) were major components. Monoterpenes, oxygenated monoterpenes, sesquiterpenes and oxygenated sesquiterpenes were 25.2, 15.2, 37.4 and 14.4%, respectively.
(c) Stems: Thirty nine compounds identified in stems oil (89.8%). α-Pinene (10.0%), Camphene (4.3%), Camphor (4.0%), β-Caryophyllene (15.9%), Germacrene D (3.5%) and Spathulenol (7.0%) were main components. Monoterpenes (24.1%), sesquiterpenes (32.8%), oxygenated mono-and sesquiterpenes (16.5% and 16.0% respectively) were identified.
(d) Roots: Forty six constituents representing 87.3% of essential oils were identified in the essential oils of H. helianthemoides roots . 25.1, 9.9, 36.8 and 12.9 were percentages of mono-, oxygenated mono-, sesqui and oxygenated sesquiterpenes respectively. α-Pinene (7.0%), trans-Pinene (4.2%), Camphene (5.1%), β-Caryophyllene (9.0%), Germacrene D (3.9%), β-Copaene (9.1%) and Spathulenol (4.0%) were main components.
H. scabrum
The compounds identified in flowers, leaves, stems and roots of H. scabrum essential oils are listed in Table 3 .
(a) Flowers: Fifty eight constituents accounted for 98.1% of the total flowers oil. α-Pinene (31.5%), Myrcene (3.1%), p-Cymene (3.6%), Germacrene D (2.5%) and Spathulenol (4.5%) were major components. Monoterpenes, oxygenated monoterpenes, sesquiterpenes and oxygenated sesquiterpenes were 47.5, 21.5, 16.4 and 10.2%, respectively.
(b) Leaves: Forty three constituents accounted for 94.1% of the total leaves oil. α-Pinene (33.0%), Myrcene (4.0%), β-Caryophyllene (2.5%), Spathulenol (7.0%), β-Eudesmol (3.5%) and Germacrene D (2.4%) were major components. Monoterpenes, oxygenated monoterpenes, sesquiterpenes and oxygenated sesquiterpenes were 46.7, 12.6, 17.0 and 15.7%, respectively. (c) Stems: forty one compounds identified in stems oil (88.2%). α-Pinene (32.5%), Myrcene (3.2%), β-Pinene(4.0%), α-Humulene (3.1%), β-Eudesmol (4.2%), Germacrene D (3.1%) and Spathulenol (6.2%) were main components. Monoterpenes (43.9%), sesquiterpenes (15.0%), oxygenated mono-and sesquiterpenes (14.8% and 13.8%) were identified, respectively.
(d) Roots: forty constituents representing 79.4% of essential oils were identified in the essential oils of H. scabrum roots. 38.2, 9.5, 16.0 and 13.2 were percentages of mono-, oxygenated mono-, sesqui and oxygenated sesquiterpenes respectively. α-Pinene (25.7%), β-Pinene (3.7%), Myrcene (4.0%), Germacrene D (3.0%), γ-Cadinene (3.9%), β-Eudesmol (4.7%) and Spathulenol (5.9%) were main components.
As a light conclusion according to Cakir et al. (2005) , Hypericum species can be divided in two groups, based on the monoterpene and sesquiterpene content with emphasis on ß-caryophyllene and α-pinene as the major and characteristic compounds.
Hence, H. perforatum L., H. hyssopifolium and H. scabrum could be placed in the pinene group, because α-pinene is major components in the essential oils of them, and H. helianthemoides in the ß-caryophyllene group because it's essential oils is rich in ß-caryophyllene.
Antimicrobial activity
The results of antimicrobial activity of the four Hypericum genus essential oils against seven bacterial (gram positive and gram negative) are listed in Table 4 . Zone of inhibition diameters (mm) determinations were obtained by disc agar diffusion method . In general, the oils showed moderate activity against all tested microorganisms.
The H. perforatum L., H. hyssopifolium , H. helianthemoides and H. Scabrum oils obtained from flowers, leaves, stems and roots in DMSO (1:2 dilutions) showed 77 to 125, 81 to 120, 67 to 96 and 77 to 131% inhibition against gram positive bacteria : B. cereus, B. subtilis and S. aureus subsp. aureus, respectively, as compared to the standard, streptomycin at 10 µl/disc (Table 4) .
The H. perforatum L. H. hyssopifolium ,H. helianthemoides and H. Scabrum oils obtained from flowers, leaves, stems and roots in DMSO (1:2 dilutions) showed 77 to 114, 83 to 124, 78 to 113 and 83 to 123% inhibition against gram negative bacteria : K. pneumonia, E. coli, P. vulgaris and S. typhi respectively, as compared to the standard, streptomycin at 10 µl/disc (Table 4) .
The antimicrobial potential of four Hypericum genus essential oils could be explained by its high content of terpenoids. This activity is suspected to be associated with the high percentage of sesquiterpenoid fraction, since it was previously reported that ß-caryophyllene, ß-pinene and caryophyllene oxide possessed moderate to strong activities against a number of microorganisms (Magiatis et al., 2002; Bougatsos et al., 2004) .
